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PROBLEM TO BE SOLVED: To provide a method capable of precisely 
grasping a floor reaction force acting on a leg body of a two leg walking 
and moving body such as a man and a moment acting on a joint of the 
leg body on real time by a comparatively simple method. 
SOLUTION: Whether a movement condition of the leg body 2 is in a 
single leg support condition or a both leg support condition is 
determined, and a floor reaction force F acting on the leg body 2 in 
contact with the ground is inferred based on a movement equation of 
center of gravity GO of the two leg walking and moving body 1 when the 
movement condition of the leg body 2 is in the single leg support 
condition. When the movement condition is in the both leg support 
condition, floor reaction forces Fr, Ff acting on respective leg bodies 2 
are inferred based on the movement equation of the center of gravity 
GO of the two leg walking and moving body 1 and a relational equation 
between components of the floor reaction forces Fr, Ff of each leg body 
2 and a position of an ankle part 12 of each leg body 2 for the center of 
gravity GO of the two leg walking and moving body 1 . 
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igMgp©±MCc??f SS5fiBIS}g|J*^ty±^g|!<t*^n-e 40 

[0042] encc fticr.s.mm$b{£&Affl 
x-$> zmsic. *<om><xDGm*immzn&* < tarn 

tbZCt&XZZ. 

[ o o 4 3 ] ft. ±M<D£5fcmfc<Dm$ng.w&z>m 
jw#©fria^f5Sgi5{a©tig**«) * c <t -c . ns.mf ® 
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•ct*. c©*§£\ »^{cs*T4mrfe#3eeiJfi©(4g 

JCtt. @Ef3f*©«£4#g (M*^gaK8C&tfI&g|$£W 
&&g&©MI4ft&) &B9f*©J8Mg5&OWg5©Ja 

[0044]*^ #2SW<D-£#tT&«l#©IWg5*- 

Hfje#t*«.- SiraLfc*^©*s^ii«^tt(c 
<t o s^*/cHij^S)W^{c^€.j*s^©«i^«i*fflc» 

■Cmi^JS^f &tbtt©&BPf*©:4>& < £ fc— o©MB5 

#2fcW©wgp*-^>i-«=5£;£au\ Miawwftifcs 
W{*©J8Wgp*/M/ "C3m 3 nfcSHi*©«*4ft a <t Mia 

&w*©4>&< «t fcflSRigpR^Mfipo^n-en©®^ 
fta<!:iars^f^»^©*6^D*^/c»?si*©B!r 
tvmm&&ic*5U z>imm.t sr-en^ntpj-r * * ? 

ButajPi*:©<ii«4^S<fcB«iaS^©HSMg5RO* 

^©©^•n^ncsftftstiutazis^f^sb^^^ 
&©PWf*©ii*£{*<!: u xm or & snif* y > * <fc 
«c«-3#> ^^^©^W^c^iST*— H 

*ff &»&©&WmBi^©<iS*4#g*^K#«>S * -r 

»7'i, B«ia^0«<*ta^a5©«*4ftg<fcSPwmB^© 

^^©A^^c^^/cS^agtccs-^^. mrtas 
«*«c>pt-r ^swfttB^a5©s^©&g4S**i?)4 i 
^©sro^ssikDS^©^©^^^-*^ 

Mi4fts©u#^j7=- * icmn*&mtm%si><DpiMm 
fezm-xnttb s^f^t. s«f ans^f #«rf*©rai{* 
tBSgpt b r ©g«ift©^:l!BgP©ffil4ftS t . KWi*© 

<t. BUia^S^^*©!tS{4g<i:. B«ia^*t)S«^{C 

*s » ^^^^^^©a'C^ttljSKS^PMmB^SP© 
ftttliSSt. SH«f«lSaJ©«*4ftKi, &HM*tBi§gP 
©$>6^D**<*fcm«RO*-y--rXi > ^PMftffl^SP(C 

SB!l(*tBSSP©*6*'0«?>*«)fctS14*-^ > h 44ffl 
o-cifiSft^^^ucca-^tBiiia^S^f^SW^©^ 
»©ii>^ < i fc— 5©wg5«cf'Pffl-r-s*- j< > h *JflS 
f 4 C t £!$tit i -r -5 ©-c* 5 . 
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[ 0 0 4 5 ] t$i. 1?^©* ^(C. Wl&mJxjjtmU&tC 
#©S>C>©<4g3£*#©S/ci{>K:. flB#©«£Wlg<!:. 

^tbx^m-r^dmitttK. $tc. Buies5Ri«:y >^-=er 

:2Jl#m£S&tt©*4>©<^^£#©£/c©«: 
m^tcmw 'J > H— ©W# !l > * ^r^ffi 

ffl-rniiJ:^,, io 
[0046] ^*^*»w©Rig5*-^ > h wmitt-c 

SP©<«*4ftS (CftttSRM#BS8|J©fflS©^Mfli4 

&&ic*snz®.mm*momm) t. ±ia©§ro*ta 

tifflM)^*^^ - * *» ti*g*l>©ffiB© 2 Pg 

ssg£©jjiM («s*fffis*r©*ifisg) <b©^RX»na 
g£ i/ r 6 n * c <t £ * s . 
[0047] 3 e>(c. Hiree#m(*ffi^gp©«*4ftS©B# 30 

[0 04 8 1 11k, xmmimmaxumcztii*. -& 

Ml*. MfaH£*tf^«6tt©H!l»ffl^aJ£Lr©Sttl«: 

©*ai*©«(i*fti*t>. &jWf*©jBwgi©Jsifift«<!:« 

ftSi. 8$WfiS©JIfflfl££©5*i©4>&< £*>-#tc 

-JS^tf^SM*«cfeW-5)*JS*fPffl*©fil3£ 40 

[00491-eiT, _B$©J: 9 tc-S^tf ^S6ft©§ 

*w«Koj»Hffl^>jRi«B«:ffi«-r > FfcHe^t- 
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tt> «cwtr*a«wsresci*ffl^t:pii#y>e»*^© 
n><fc©r*5, i&NiKftfrr&tf. mtf&JBPtt* 1 

i£frc2> -5 £ b tct$>-£ . S«K*©TMSiJ©*^©MjtS 

»{cra-r-5S«>^rsie«:. irFMgp©fi^©*njis. tt 

W»(Cfffflr*«S*©183e«. TM©S«©<B£ii 

ffi-r £t£r. i»ptt©BiiMisicflMa-r*# (wass 

tit. mm&<»TMt$<Dftim&t. mtttoms&jft 
m&oimm&Mt. mm^om^txommmt. wcrm 

(S3) {Cflsfo£^-*ffi£. »TffigP©«14*-^ > 
h©fil£ . grFJffiSB©*SS4#K©«i£ £&TESP©IhI3k 

[0050] $fc. SJW(*©^:)EBSP©S^»©a6jiattK: 
PrrSXM2fflBttC. l£*:ES|5©S'l>©2ra»@L iW* 
©SjWgpCCftfHf •&MfiiJ5#. *SSS|5©*S©fiI££i& 

ffl-r 4 c t -c, feWi*©HSBag5 Kaffir * wos***« 
r*w»s*t. ^w^©^ioisi5©ftttjji^£, mm 

£^JSi$©mfr©{5g;&tf KAIIg|5©-tr-f X 
(S3) KfttoS^-ffli. «cWDHW©«tt*-^ > 
h ©ffi£ . ffc*)!lSB©teMftfi©fii£ =&SD*cJESSPcOIeI^ 

[0051] *>*>^^w©M®*-^> h^je^dc 
> h c i jc «fc 0 . -ja^tf ®nfc<ci&m*i 

[0052] 

[^©HJg©^] 49Kn©-9W^S«ttGi9 1 & 
W:02~01 0*#JlL/-CSiWr&. 

[0053] xmmmu. ~&mmmwt lx<da 

[0 0 54] 02(cm^bbr^-r<J;'5tc. Affln*. 

€-©«RR**8(f*4. £a-*f©Wf*2. 2£> Iggp 
3SLa c HagP4*>e>ft4JB^5£. 8ISI56£. ^&-»© 

2. 2©-e-ft'5 t *HC£;&— *t©BaM®8. 8 4^Lt« 

^n. pjwi*2. 2±tc3^f$n-cc>5. *fc t n« 

5 ©ISS{54 «. (ggp 3 ©±ffi<CttHff 3 tc*f or ABB 1 
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[0 05 5] &j»{*2. 2«. fl3WfiS8*>6Ji&-r-5A 
KSC 9 i . fe^ifflgp 9 <D9itfhfr hWm& 1 0 L/T JI 
^FT-S-FJEBSP 1 1££WU TBES51 l©5feffiS|HC. £ 

msp (smwgs) i 2 ^/i-ute^sc i 3*ijfE*s?nr 
[0056] *nss^®'c« > c©«t 5fcfltj&&*rrs 

MSB 1 O&OTWg&Stcftffl-f £*-^> K0»SE*ff 10 
Sto&fc. *©«t5«titlB*ABIl«catltbri,»*. 
[0 05 7]t*bft. «fc5©S&SB4CCtt, JJ&SI54© 

mux.® *> nmmicm ctctati t a^-r * + -< a* > 

SP4 (Da«fi^]©i)nascci&i;fcuj^?:^r-s»njijs 
t>f 15 mr, m$mwm&*i' j * 1 5tt^> 

<fc > CPU, fWM, RCM^A>6#J&£ft£imSJ!5&£|gl 6 

<t. a®#&Si!gl 6^©m?lSi%S/<-^^'; 1 7 £ 

wmmztix^h. corns. ctx6©89Si5^+^p-fe 
i 4 . «&gi$itT&*niig-&>-!f 1 5 . mmmm^m i 20 

b rnzft l r@jc3 n s -> a ;u ^oftssftt 

1 8tCtt83tl. f&K^gBttl 8£/i-LT«9g|S4{C-f*: 

[0 05 8] iSj. isia5ttjjss-fe>if 1 5<Dmt>*m-?im 
^1 (i2o»»isiox#»ifii) t?©flnasr*s 

KSP3*^m*iaaJ4AStSit^ (02©*fi*tffi*S 30 

[0 05 9] Rfl;5©JB?gfl3CCtt. Jg?g|S3©M£t 

9 («T. KSB^WP-fe>1M 9£l>5) £. ^SB3 

jggp 3 <D±Tftfa<D)sam S(ctt« d fcaj**^*-r •*> ana 

S-fe>-9-2 1 <«T. Kgi5±TttiaS-b>^2 1 £<,> 40 

[0060] ccr, BggBBu&Jjniie-fe>t>- 201*, «t 
«3»o< «wmrm»n)ig-fe>-tt- 1 5 tmm, K3P3© 

^©jtoasstsw-r*^ £/c, ^sp±t 

-co±r*i»i<Dflnss (cn»Mg)3B9^»njiS-fe>-9-2 

(ISS. K5PBy»J)naS^>1»-2 0S:^MSB±T»niiS so 
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■b>D-2 ltt. -ft£»©fln>ig-lr>1f{Ccfc9-#fcJK:f» 

txtc i><DV$> -> X i> 
[0 06 1 ] 2fblc&Wm<DI&.MB8tmWBl Ot 

^T*H5Mg]5ftS-b>-9-2 2 RCflBWSffft 2 
3#£*3JvCt>&. ft. flaWS5^S-fe>-^2 2(Cot> 
r » . 02 -C«^B?ffliJ (AW 1 ©SiWCCffla* o r«WJ ) 
©fl&{* 2 ©JKWgij 8 (C&fc £fl3Wffift flE-b > If 2 2 ©# 
#Bin3ftTt,»S*J k ffcfrffl (AWl©l5r^K:|6i*^r 

£iipj) ©)Wft2©flawii58(c« 1 mmmo^mmnm.^ 

OS. 

[0 0 6 2 ] cn?>©ftgt>t2 2, 2 3«>mtf 

CC-C, &)SMSpftK-fe>-y-2 2^Hit5Ii 
MA6c», J:0»L<«. MSP3<!:&l«I«:2©A10i 

su9 ±<Dm§mmvmm<D'4mm& <f«^«aw 1 ©a 

S^«!S©<t ^{cMSP3©^£AfllgP9 ©#^i*i 

gP3(C>Pf-r^«I<*2©A)BigP9©ft5WSi8|5ID (AW 
1 ©&e^(6j«ctett SftSWt? 8 ©ffrOle! D ) ©Hlgftg 

iftSAflit, ^W^2©Ailg|59<bT)BSSPl 1 i© 

flSSPl l©^<t*i«Wf<t^S^W^) CC*^i 
^iMItUc, AS§SP9{c^-rST108gPl 1 ©J^WSp 
1001 (AW 1 ©£43#|6W:fcW£li$Wfi5 1 0 ©«M> 

[0 0 6 3 ] ft. mrse&-fe>-!M 4, 15. 19—2 3 

». -en6©ffi**^»Ms^i 6cca^-t-<< > s 
[oo64] B?ta?s»^siig i 6 «, 03 «cm-r «fc 5 

6«« flIgq±T»DjSe-b>^2 l©^^-^.*:. ^ 

-r s mmtitm^m 3 6 k j; <o m& h txtc&mw 2 <om 
dUioimmvr-ztzm^x, awi©w^2, 2 
<Dmmm&mm%.ntm (01 (a) ©tR.10 
*\ mm&ftvm (mi (b) ©««> -c*s*^«k 

s^g 1 6 «. nasumf^jnae-fe 1 5 ikmmz> * 
2 5 <t . iggpfflf^nMs-b 2 0 j&v 

flS8P^+^p-b>-!fl 9©|ftWf I -5'%fflC»'C > JSSP3 
©^ffi^3fiCrtcfcWSMt4ftS0b (AttffJKttfll*. 
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[ o o e 5 ] $ e>«:. mnvm&m. i 6 ». m®m'&m 

- * tm!2B?gBte&fcgttS<J3M& 2 6 tc J: *) mi* fttc 

3 (Dmunme bar- $ t fcffior . 

KfcttSARfl 1 ©gig^i L-C02(Cin-i-j;^{cMgP3 
tCi^SftS^tt&tll^Cp (02OxzIS) ©JBH* 

T C a o x a . z)=£*J6 -5«!«JDitKH-f 2 7 £{1*. 

^.«Arai©^©flawg58. 8 ©^tt^ft©4><o£*s 10 

<Dmi>icfo& 5 ft* xtt^i^j <t Ltcmm& ( 3 m 
©*isj*»mfia»*rffi«s5Cf<tig-©^«^) -c*s. 

[0066] $ /c. 1 6 ». &W&2 ©H5 

M©ftS-b>1^2 2RV«Mgpftgt>^2 30^^ 
-ft. fil2)g§|5«#4ft Stt^l^S 2 6 CC J: £JjggB 3 © 

*&#Pf* 2 ©AUgf 9 RtTFUoU 1 1 <DZti?tHDm® 

nmec. 96. s2#m> ^a>i>mwmmmm^&.2 8 20 
[ 0 0 6 7 j ttc. mnt&fmg. 1 6 gireifiaifttt 

ft£ftaWMS*2 5. JHgp«l4ftSltaiJ^©2 6RO-(W{* 
a, mS^3<ommn&eb, &tf«:&Iipft2©*Ji2SB9© 

tmns. e caerriis 1 1 (ommm. eaD^-zzm 

tfctBSSI5©fi'0©tea (Wb< tei!rfa#{*ffi1I^CpK: 

a»w*©2 9<b. -ecD^ftta^gp©^^©^®©^ 30 

- £ ^ffl^T. ±fa#ftffi«lifcC pKfcW* AR3 1 ©£ 

<*©m-D©{a@£##*:»fM<Mig»tti*©3 0 <t. 

-€-©ARa 1 ©£{fc©fi'C<» (M 1 #JR. fetT. 

coil* 5) ©tta©^-*i8wai»«t§»MHH*gi2 8 
{cj:sswi*2©Affigi59so t T)B8g5i 1 ©-en-en© 

*&m* 2 ©#«gp(4 & i/ -c<dsw<* 2 ©jsmgp 1 2 © 
j^fW^cotcst-rsfita (»u<«> wies; (5) ccfc 

W-SAXf. AZf. AXr. AZr) fcJfcSO-S JEtrftgg 
ffi^S 3 14, m a#«*/t^B»ffl#l2 3 0K<t4t 40 

ttaxxDtag©? 5 - * <!:Hi)gaK!«ttiiieti-a'j^a2 7 tc 

J: £,S#)S«SCp©JSl£0©tt]«iEa ,©7"- * t 
C>-riffi^)^S«Cf(C*jW2,#ftS^C(XDttl3iea = 

1 ca x. a z)cm 1 #M) JHM<&M£Si?ai^ 

K3 2tZffiZ.X^Z. 

[0068] iHg^i^g 1 6 at. Mtassc* 

^{4S»W^S2 9 CCJ;SAra 1 ©SH«*tSSgP©m^ 

©(as (»t< \m#2ic&t>z>mffia^<D&b®ii!. 
a) ©f-fi t?iasii*njiSit®]^e 2 7 tc j: 

^^CpOM^O^JinaSa.O^-fi^ffl^-C^ 50 



mmmc m*sv z&ww 2 ©aussj 9 ro'tibsp 1 1 
&$vmmntu&&3 3 1. msm^mnm^m2 8 

{C J: -S&WH*2 ©*J5!g&9 SO'THSP 1 1 <D%ti?ti<D 
W 2. 2©AMSP9R^TiS§|Jl 1 ©ftflnBK 

**to-5.i»^si5ftj)njss»m*e3 4<b. Miaw(*^ 
mnm^m 2 8 « <t 0 *«> *>n * am 9 ©«&ft s 0 

c^. ^ieKM@ftg-fe>1f2 3{Cj:0t«'J3*i4^M 

[oo69i*fc, ssiiL&JiJsa 1 6 », m$zMim>b 
nmmMtii^&. 3 2 {c <£ h »&m>b<Dm&& 
tmMi&w&Knm^ 3 1 tcj: 2 ©jamsc 1 
2 ©#^s-^«:^-r zimo?- * tmnm#&nwm 
2 4 tc «fc ^ ian* 2 ©sswm©*!^*©^- f i 

&&?m iismai^s 3 3(cj:$ siwf* 2 © Aissp 9 & 
otmsc 1 1 ©s^ottBis©^- ^ tj«i{*ssi5^flna 

S^ffi*© 3 4 ■5SI?^2 ©AES59 S^TKSC 1 

i ©ftflniis©^-^ tfcmjjim&im^m 5 tcj: 

*M2 8{Ci-5#W»2©A)Ei^9RcrFeg|51 1 ©-& 

n-en©«*4ftS0c oaD?-* t*:m^x&m&2 
ommm\ oRo-jawgestc-e-n-en^ffl^-s^-^^ 
h £«t5rr €>k©*-^ > 37i 

[ o o 7 o ] ^xk. ±^©?s#«ia^a 1 6 ©s^e© 

[007 1 ] *$mB!BXte. WZ.l£Affl 1 ^tfl?© 

wn*2©a«i*tf5tci^b-c. mm»2. 2*mm2& 
td^rnxw^K-mmm. 1 6 om^n bte^nwz -iv** 

SAT ■54 . fg?H#WS^a 1 6 tcj: ^j2iffi*W3£©-t>- 

&aip&2 {c^ffl-r-5*s*©«i«fii^* J ^*«)e.tx 

[0072] -r&fr*^ if, jg#®s^a 1 6 m 
fawf*a»«B^&2 4©*!yi£j!t?-r£o c©wf*a 

lb i PJBr^©2 4©Ma-C«, Miaif-Y Vh* US(C, 
B0iaiSg5±T*nSSH2>^2 1 «c«fc?>Jgg|53©±[SJ#^ 

(^©aijiSot^HiT 1 - ^ *i*e>^ D*««>/c0f5e©Kfii 
ttfc^s^s. -eur, &AnjSg©«smfii**-e-©«fii£ 

«Mi*i|g^u, s.o. siriaai (a) (c^u/cj:^^^ 

ISrS^SS^TTSifilirSnS. -T^^fe. AR3 1 
©*MtB$k:, mffiGt^FWSS*^FlW5:m»3-©^f© 

i^fcw, iS)«niij©)ai(*2*5»i^-rsc4-c. Harass 8© 
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c©/c«>. midm#mw)mm^&2 4«. ±ia 
zjjfovmm&vmm ?- * izom® t jt«rr s c 

[ o o 7 3 j *. tc. m#mmm&&2 4©ias-ctt. 

Ff. Fr(01 (b) #M) ©8t5£fll©5*i. Ara©it 
tf^|Sl{C*f bT«iJ<DWft 2 {C<*S5kJE2> F r= T (F r 
x. F rz)<D«5£fii (t*L< ttrSfia&ffi&g 1 6©Bflfll© 
A-C^to6<afcJ*JS^JF r<D^ffi = -T(F 
rx'+Frz 2 )) &&feD«M&bfcJffig©NMI (Bg TO J 
©IE©ffi) itt^Stl-S. •C'L/'C. SU*J5^FrOfi5e 
tt©tttftf^©Mfrar£&Ttsfc&*iC. 

tt. PBP3d#ttMr*9. i>-rn*>-:fr©W#2 (ttfi* 
fi^©^ffi#Lk3BBiffi«TK: ffiT1"5St(t Bft 
»tt«K*« 2 4 tt. Wtt 2 ©««*^*SH»3t^ttBS 

[0074] ±i$© <fc 5 fcWffcMWflfcr*© 2 4 ©MS 

mf-rz. cams. m®m®nmtM^®2 5<D!&m 
rtt. ^spfr^finas-fe >v 1 5 mas^ t-/Bt> 

•9-1 4fr**n*tlAt)ZHZmW4<Dw&l3ft<DtD& 
ft. ^^©ftiift^f&tBT 1 -**^. BfW#JUv>7 

«aE»*«)6tis. n«tc. m®tmnm.m&®.2 5 
©teactt. igg|5B>i^fin»s-fe>f-2 oa.yrayt-/ 
p-fe>^ 1 93&»6-e-n^nA*shijRaJ3©^r»^ripj 

7 -f JU*©&a*m>r*&#ffi£lfiC«CfoW£lggP3 
©^4ftSeb*s^>:^«>6n-5. cc-c, *&*tg£«^ 
C ftcfctf £®giS4 RtfBfl( 3 ©-e-ti-etuDfgttAKe 
a. 0btt. ^aS0SSr»Wittf|fil[*|Sl (MfiJifa) 

(c*f-fsraas4ftftr*.s. 

[0 07 5] ft. WAtfyt-fB-fe^l 4, 19(C<fc 

a, = 1 (a» x. a» z) 

= T (ap • cos 6 b— aq • 

[008 5] JKIC, StSMagliS 1 6 tt. fflB&9SS<<> 



* 4 3 ©«H4ft ft 6 a. 6 b£ffift<fc < fHTT 5Ci 
[0076]^, SSITteaSSg 1 6 ». flrENtt»& 

^ta^K2 8©tea<bs*ia*m*ni>£ftiW?&2 7©& 
a&tjttf-r*. 

[0077] «rtap(*^#w*a2 8 K <t item? 

tt. jro&aUBCfKfettS&l^artH^RPT 

iBiga 1 1 omm&e & 0 <j (»i»5nai«:»r 

ft. B2 4MEI) **SWBtf-f ^A«K*OJ:5K* 
10 *6ti*. -Tttfcfc. &W#2©*IlSP9©«j2tftfte 

ctt. -?-©Wf*2{ciiif3nri>.&fif2a2SgSftft-fe> 
•9-2 2(c<fcSJ&MSj8©JIft#ftA0c©tfcffl7 ; --*© 

^mmt. mmMffimtanmstm^fst 2 5 tcfcojja* h 

*ifcH»3©«»ftft0b©-^Bili*»6^ (6) tc 

[0 078] 0c=0b+A0c (6) 

[0079] CC-C. KS53©«*4ftft0btt. KKSP 
3©_L3gg|5#Ti8S|S < fc Q feABI 1 ©mf^fflJtc^^mScfc 
9(c«w»33&Jttitt*iaiK:»i/r«»H/'C^>*»d«:ft 
20 OlliftitOtJtO. B5Mii58©®ft^ftA0ctt. 
AffigP9 ©Tis5gB#Afg 1 ©ffln&MCCgSt ffl S<fc 5 5CA 
Kg& 9 3 ©WXCtt «£4 U X C » 5 «^(CiE© 
fflli%^t.©-C*S. 

[0080] $ 6(c. ^W^2 ©TE5SB 1 1 ©ffl*4«ft 
O.dtt. ±IB©«t i 5iCJj<*6^/cAI§SP9©<ai4ftft0c 

•fe>1f2 3{C«tSB?rafi5l O©HfflftftA0d©tfcW-f 

-a»©4-@ffli*>e>^s; (7) tctofa^ns. 

[008 1 ] 0d=0c-A0d (7 ) 

30 [ 0 0 8 2 ] C CT. fmm I 0 ©Hftftfttt. TfSSP 

*4 L- r I »S ^KiE©fit t tj: h <DV$> Z> . 

[ o o 8 3 ] t ft. wimmwtommft m^m 2 1 ©tea 
-ctt. wia#(*ffi«*cp©M^o©teM^««c«c*j 

ttSttl3ifta,= T (aoX, a„z) ^©Jr^JC^P.n 

•5. tut>%. mimummmm.izi>>v2 oic^zm 

gp 3 ©8tr^(fiI©}JIjift©^ta f 1 - f ©4-@ffi?r ap. mi 

ia®gp±T»naft-fe >if 2 1 j: ssgp 3 ©±t*i^© 

40 Mr-Zap. aqi. |?i2)RS|J«^AftW«l*©2 5K«fc 

^ (8) (CcfcOite>l*^#^CfK:*jW^»njlfta„= T (a, 
x. a,z) *i*©6nS. 
[0084] 



•sin0b, ap • sin0 b+aq • cos0 b— g ) 

(8) 

so ra 1 ©§fW#raa8B©S4>©(ifi (MMscpoi 
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[0 0 8 6] 04«c^-r<fc5«:. *HiS^-Cffl<r^BM 
#>>>**f*RB, Affile. &)8l#2©AIISI59tC 

m%-rzm#KL tat. rmmi itcmm-r zm#K2. 
rat. Kg&3{c*is-r*ii#R3£ t 8trsaiasP4. 

7. 7K.Vmm*<£ito&tc&ft3 8 (J£TF. ±f*gfl3 
8 £ ) JCtH^-r SHdftR4<i: LX tc Z> ©£ L 
r^m-r^^^Ut?**. £©*§£. &BJ<*Rl<tR?{*R3 

n-enuarafiss. j&ragsi o^ta^r*. $/c h«&r3 io 

igm*R4i<Da*SSP«)B|gi53 tc*t^-^|JggP4 ©Mtt££ 
[0087]*IT, 2tc||SSffJSIt?t*. C©«fc 5 fcRW* 

u > d'*f : ^R©sP3ii^Ri~R4{cMi&-r-5Ara i omw 
tmm (s«n*2©AingP9strFEggpi i, msi$3. 
±#g&3 8 ) cD-eti-encos-cxGL G2, g3. g4©&r5{$ 
tBsaHtfcwi^a^^o&^&^ft. iftnassii 

[0 08 8] cct. l 6 iciZ&Gmox 

C>S&0!|<*tB!!5g|5©S<l>Gl. G2. C3. G4©{4gtt. SHU 20 

{*tlSS5(c*fur@SL/cffi«^r<D{Sig-c«)S. c© 

SRHtttBSSB©^^ G2. G3, G4©{4g*^T 

©S-i>Gi©&g&;£. SEAKSB 9 ©J&ra® 8 ©«tM>*» 6 A 
Ilff9©H^^tcEIBt3©taA. STH»1 l©fi>i> 
G2©(4gl*. ttTHffil 0©«Mirt»6TH 

©KSttx t2©tt*i*6*>D**8b?>nrsifici!isiia 30 

1 6tceftfi&?3ft-Ct»&. {fe©Mttffi3ffi<D&C>. G 

3. G4©{4giC-5t,>-C4)|SI8|-C*^. 
[0089]^, ±#SP3 8©fi4>G4©ftgtt. S&S&tt 
tt. BLhtt»3 8tC**ft*Krt*7. 7©Ki#©i^f* 
*ff«F«CteW5SBS(*7. 7tt. -&(C)fi)SP 

4©tt^tcj*L.T*fi*w&(4ara^K:&*©-c. ±^gp 

3 8 ©*4>G4©{agtt 3 » mSbitr. M*. fcfifiLfis6» 

ttSKctew 5±<*eu 3 8 ©»^G4©fiiBi «an— & a 

[009O]*fc, *£Mffl$tt-CK. &?W*tB^SB («■ 40 

w*2©*dBi*9;ftirFii»i 1. mm. _bf*sP3 

8) ©S'I>CL G2. G3. G4©{S[g J &*-rf r -^©f6> & 
[009 1 ] ft. TJBISB1 l©*2t*. £¥8151 3*^ 

ibtcmm-e&Zo ttc. ±m>*'>«:mm&wBi&i e 
rfeirvct Arai©#g-<N*s*>6. Ara©¥ so 
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V». — INC. ±BftMfm390X^G]. G2. G3. G4© 

&h*\ SB. xmc Ara©#s^i*»<ttarat4*< 
*»>. ^•©♦arara^tcs-5i»r. AnojMtRcFtts® 

"T-Zfrh, ±f3&B«f*ffl^SP©Al>Gl. G2. G3. G4© 
[0092] gte&flSS4>fidiff(B^fi2 9 «. ±20 

j:^KSi#ftHB«gi etcfc^o&iatt&ftofc-? 1 - 

* t . ^iaisjgp«i4ft abhw^r 2 5 igSMjmfcK 
ttS'J*iS2 6tcj:i)^n-?n*ji6e.n/ciiaisiJ4©ffi$4ft 

me a <=±&SB3 8©Mli4#g> RtfH»3©««* 

S0b©^-ieifiii. menflcs»»»H¥a2 8ecj:03K 

* 6 n/c&Wf* 2 ©AJSSP 9 RCTFBgP 1 1 ©-en-ett 

fc«uao*^rr*#»aw»cp (@4©x zffino r 

©&RW*tB!5ia&©«'fcGSL G2. G3. G4©ftg£5fcit>S. 
[0093] C©Jg£. S09(*tH^SP (SW(*2©Aii 
gP9RO'TE8SPl 1. JS^3. ±ftSP3 8) (DUmftg. 

ea~0d*t±j^©<fc-5«:^j{)6nri»-s©-c. -e©^$4 

tB^SPtDfi'Wl. G2. G3. G4©{4B*i**6n-5Ci<i; 

[ 0 0 9 4 ] JWfcffjta*. mW04 5r#Mtr. 
4©2clWK:{4g-r^ffil^2«:KI0. AS8SB9©#(*ffi« 

«ec(C©JS^. 04-CW0c<O-C£>£) "C*S© 
•C. #i$ffi«^CpK*JW-SAMSP9©«/DGl©firg© 
ffi^W. (tl-sin0c, -tl-cos0c) tft&o 

TKggiJ 1 1 <D»#mm&c picisttzmmftmizd a (h 

4-c«0d<o) •c$,s©-c. #f*ffi«^Cp«:*j^^T 
eSBl 1 ©fi4>G2©&g©J®IW:. AiSSPOWft^^rL 
ctT-Si. (Lc- sin0c+t2 • sinfla -Lc-cosflc 
-t2-cos0d) tt£& 0 flk©W^:2©AJffiSP9RynFB8 
SP 1 1 MSP 3 J&U ! ±.#U 3 8 Oii>Kol^ 

[0095] C©<fc ^ K b r. #gpfi^ag#W^S2 
9 (C«fc K> . #<*ffi^SCpCC*jW2.SHlH*tBSS|5©*^G 
1. G2. G3. G4©ftg£5fc#/C&. 1 6 

«.. Buta#««^{4g#tH^S3 0©^»fU, SPW 
*tB^gP©a'6Gl G2. G3. G4©(4g©7 r -^i. SRB 
(«BSSP©*fi©r- 3? i *fflt»-C*^ffi^C p«:*J 
^•SAra 1 ©J»#m'l>G0©{4^ (xq. zq) 
[0 096] CCT, a#ffi^Cp«:*JW^SgP3© 

a^Gsofiigsofsa^-e-n^n (x3, z3) . m3. ±<* 
gP3 8©S'C>G4©{4g;Ro'*fi£-?-ft-en ( X 4. Z 4) . 

m4. Ara 1 ©M^(Ct6J*^t:&ffliJ©«!i*2 ©AJfflgP9 © 
*4>Gl©{4gRO'SS=!r-£tt^ft (xlL, zlL) . nttL. 
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1 ©*4>G2©{ig;RtfM£^ft^ 
ft <X2L, z2L) . m2L 4affJ©»ft2 <D*M®>9 ©S>I>G 
l©{4KRtfSS£-eft^ft (xlR. zlR) . mlR. fflfflW 

2©tjmspi i ©*4>G2©{isso«g£ -eft-eft (x2 

R, z2R) » irt2R, AHl©ftMM ( = naL+m2L+nOR+* 

xq= (mlL- xlL+ntlR- xlR+nCL- x2L+m2R- x2R 

+ m3 • x3+m4 • x4) /M 
zq= (itttL- zll+nOR- zlR+m2L- z2L+m2R- z2R 

+ m3- z3+m4- z4) /M 
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*m2R+m3+m4) £?2,i. ^flMJfcCpKfcWSAIffl 1 
©#ftt4>a)©{£a (xq, zq) ttifcS (9) JCj:95fc«> 
£>ft<S. 
[0097] 



(9) 



[0098] C<D£>yt,Cb T #&*4>ftg#fti3M8 3 0 10 

MBMHm&mmgm. w^s 3 2 <dms <t . naiasirtag 
[0099] c corns. »#m>btiamigMm^&32<D 

3?ffi^©3 OKJrO^enSAftJ^^CpCCte^-S 
J»#m<l>G0©&g (xq, zq) ©ISifcJftJx- # fcffl^T. 

»#mmmcptctevz»#m>OGO(D&.& (xq, zq) © 

-S#^S*G0®ftljSS I (d'xq/dt l , rf zg/dt* )#>&& 20 

e>fts. ^o-c. c©jraitg T (d , xg/df. zg/dt 1 ) 
<t . w^a*»nasita'j^2 7 tct 

T (a„x, a,z) £©-<* h^fn*#ao£ C £(C J: 9 > *fi*t 
ffigf^C ftCfc W 5#ftm4>G0CDjjQj£a a = T (ax. az)# 

^Cifr^ftS,, 

[oiooi ifc, Btriasir&sfiHi^es 1 ©aisgt-c 
«. s-r, Bfriaw(*:^ffa^e2 8(cj;o*8D6nfc 

2 0>^ciBiSP 9 SCTFI2SP 1 1 ©^ft-eft©ffi£W 

sec, e (mT-zoi^mm-t, mum&tmfttmm 30 

^82 6KJ:9#&e>tt/dgg|53©^«£tf^Ig0b©f i -- 
£©4•|IH»<!: > ^MSU9RO*Ti8S|51 l©1f-(X(g 

$) <D7-*±frh. miz&snm>mmmm^2 9<d 
mm t mm<Dnm«.^ -? x . mfga^ffis* c ptc & w 

£&««:2©JSl«iSl 2©W*iO?,n4. Ji&ffKC 
S4£#R§LT. |5j04©£OTK{^r£JW*2K: 

1 2*f©S3) £Ld<t ##ffi£UfcCpiC*jW 

•SJEifgP 1 2©{4g<D)S^ (xl2, zl2) «. (Lc • sin 

0 c+ Ld • sin0 d. - Lc • cosd c- Ld • cosfl d) £ &-2> 40 

({SU I4tB9c<0. 0d<O) . mjfvmttzic 
-mxi>m&x$>&. 

[0101] -eOT. C©£fgiU 2©#f*HtI^Cp 

tc*jct^.(4g (xi2. zi2) tm&Mwmb&wM-to^®. 
3 o (cj: v&&btitcM#mmmcpict5vz»frm>bG 

0©&g (xq, zq) ©^-^©^HSffii*^. JHtifcfr 
GoCCxtT 2>&m# 2 ©JSmgp 1 2 OGLS^ 2 Y )W (xl2 
-xq, zl2-zq) . mitt. (5) tC*jtf£A 

Xf. AZf. AXr, AZr*i3fc«>6tt£. 

[oio2]^«:, ?n#tos#s 1 6 it. mizmmim so 



<DVmx- w . inriaw&ai&wtfr^Ma: 2 4 ec j: 0 ^la©-* 
w * ;b * a A-cwm s n/tjwf* 2 <D&mm&mm5.ft 
tmx&zmstctt. Ara i ©*SMR^s*»njiSg 

•ri>5) £> m&&#mbfim&»m$-m3 2 

to 6 ft/c»*tffilSS* C «C *} 5 #f*S4>GOCD»n3t@[ a 
= T (ax. az)©^HH»i)!P6 v wfl2^ (2) (CjcO. 
Sit0ri,^«Jft2{C^ffl-r5^S*F= T (Fx, Fz) 

2 (Wfflu<Di«)i*2) (c^ffl-r him.Mt. r (o. o) 

[0103] *fc, Bf*ll6fl»r^2 4 JC J: 0^-0© 
If ^ i' JU f -( A-c«»r 3 interna 2 ©SS6«,^WW^ 

/cite»lSS^C f{c*sWS*^S^GO©ttl)SSa = T (a 
x az)©<%|aHgl£. HiiiaS#tiS»tH^3 1 (cj:0 

6<T,/c§Bai# 2 ©JEirSB 1 2 ©#i«^O0tC*t-T -5 
{^©4-lHHa©? 5 -* (SC (5) ©AXf, AZf. AX 
r. AZr^f-fO^SI) £*>?>. mU3. (5) OCj: 
0. SWtt:2«©J*S*Ff= T (Ffx, Ffz), F r= 
'(Frx. Frz)©JtSffi*5*toe>*l-So 
[0104] — 1 6 «. Jbj£©<fc ^ & 

#^s-^fiis»tti*©3 o . »im>bmm&mi&&&m 
^©3 2. sir©g«cai#©3 i . RvmBtttm^®. 

3 6 ©MS L Ml l x . sa iB«i*sgi5»nas#ffi^e 3 

3. WftSS15«»iIKffai^©3 4 > ^S^fm«*Jl5£ 

*©3 5©*!yi£*frrs. 
[0105] c©is^. Miaiw«:sgpflnitsmHi^©3 

3 ©Mffi-c« > miia#tW'^lJnjiK»W#© 3 2 ©MS 

tmm. t-r. frsaif^i'^^^ASKmriasge*^ 
a#m^s 29{c«t»)**6n5 mwmn* c ptefc^ 

■5.SW(*2©Hi|^a^S|5-Cfe€»Ai8gl59RO*T)iiia51 1 

©jttai G2©&g©^n^ c n©^3fi^jf r -^ ; &fflir : ' 
r. a#ffi«^cp«:fcw?,AiGigP9RcrFrag|5i 1© 
S4>ci C2©{4s©^- n^en© 2 pggfe^B. -r&fc^. 

#«:ffi«^Cp«:*JWSAIIiigl59RCXTIIiESP 1 1 ©«^c 

i G2©-€-ft-eft©flni§£ (#<*ss«cp©m*o«:M 
•r-sttiag) *5*»e>n5, ^-btr. c©-en^n©fln 
iset. B?iaaisiflnaeita>j#a2 7 tc j: *ms»3 ©^ 
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**ffi&&Cf«::teW5Jjn2ga 0 = T Ca 0 x. a.z) £©"<* 

mm^rm&n 1 o^ti^n<omm& <j:ot*i,< 

*e>ft*. 

[ 0 1 0 6 ] i«seWtt&gBftflniI£»ffl*©3 4 
^WL 2 8 (c J: 0 #* 6 nSSWf* 2 ©AJESgB 9 ROTM 

ffl^r. ®[^jiSiJ9ScrFjB88Pi i ®-en-en«i4fta 10 

0 c. 0d©2PirgltfHt. -T^^. Affile 9 RO'TJffigB 
[ 0 1 0 7 ] £/c. J£J^fm3«tSE*©3 5<D9mv 

tt. S«&l/Ttr»-SWi*2«:oi,»r t mwft£lttt%& 
*6n/cffiww^cc*-^^r^«i($2<Dsmg|Ji 2#> 

6. ^0«lft2©JE¥a51 3©flcS*ffffl»a (JS^SBl 3 

.£> b to 1 2 {c»TSJ*JK#flm«S<D 20 

ffiB^^h^. GIT. fRS*ffffl^i'h*ii»^) * 

[0108] f fcfr*;. *»W*©»lJiKJ:*i« v « 

»i/rc»*iw*2©^ai»9<o««ftflEect>jttw»i 

HttfctfU m«AIBa59©fS*4ftg0cfc*rUT, 

btovi&fj-tiz^ zti^txmb. m 6 {c^-r <fc sscgnt 30 

T*. CCT. *B»9©ft©««ftflE0d*. W&2 
jWAIB 1 ©fHMtcSEP* «fc 9 tc AlBSgp 9 tfJKS 3 ©«M> 
«c»or««ori»*i* (ttX.{2H2©Ami©&rtr 
fcft*oT^©IW*2) ©ft*r*9. IE©ra*4#ft 
0 cB, W#2 #A[8J 1 ©ffflftc??*-& <fc 5 fcA)ElgB9 

tfiHB3©tt'&ccft(sTtiWL>T:i>s£* <ff*.tJB2 
©AH l ©ira Kft *> o -c&KomW 2 ) ©ftftr-fc 

to io9]-e-cr, ^mmmn-cit. HSRpiae© 
<t r sarcasm* lt, c ©£<^&shub&kk 1 

©2 8K^0*«>6n)!i^Cli»9CDffl«flBE.flcO^a 
ifift ±JE ittftWKfU. t/C . MGlKRAflPmjft^ f b to 

ft©)£#) £**tl»S. 

co 1 10] cct, B5Rcfsi6©j:9cc. ahsb9 
ammns. 0 ct>m--e$> r> x *> omar 0 c©a&«a?§ so 
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c-c. ^msmm-cit. ±&&®.ttftf&-?z>f&, 
mmwoim^. *tfW9©«wft*ecwEr*a 

01©ffi (B5ttta l©ffi. 06riib l©ffi> <t. 
*H»9©«»ftlt0c&**-C. fi-5. AISSP9©MI4 

ftRdcvmmm. bp*;. ABflraaMRMUE* 1 )! 

•C*502©ffi <a5-C«a2©tB> a6"C«b2© 
ffi) £. *H»9©«l«*«ec***'e. lo, AjHSgfl 
9 ©^4ftMK*SiE-C* 3 ©ta O 5 -C« a 3 © 

h;i/©xf*2fftj£#. zN£ti»s#©*ti'eticc'3t,> 

tc. m 5 ©fflBBia^KteW 1 *5<fc CX^ 2 ©ffl a 1 , 
a 2 ££fott/cte©fiiH5£«. J^JS^fPffl^^ h^© 
Xtt^FSlfiR^Px.tL/'r. Mittf. 
px=x, • 0c 6 +xi • 0c s +x, • 0c 4 + x, • 0c 3 +x, • 
ed+x, • 0c+x> 

£1>^0©6^©^«5SB9«E (id^(S3@Rfl> fc«t«5 
g?n5. *A:. 05©*BRIM««C*jWSm3©ffla3 

©fi<K^«. mux 

px=x, • ©c'+x, • ed+K, • ec'+x,, • ec+x„ 

[oil l ] *fc. @e©fflwra^{cfcWimi*JJ:o t 
^2©tlb 1. b 2 *^to-t±fctB©ia<KS«. J*JS*f^ 

pz=z, • e c» + z, • 0c 5 + z, • ac' + z, • ee+z, • 

0C l +Zs • 0C+Z, 

SSnS. Sfc. 06©fflWra^«C*5W^3©fflb 3 
©i5(KS:«. MZ-tf 

pz=z, • 0c J +z, • ©d + Zt, • 0c+z,, 

[0112] -e-OT. JKS^ffl^^ h;U£#J?>£Bg 
«. AilSi59©M*4ftffi0c©iEA ; £^S'J-rSi^{c s 
AMSP 9 ©ffl$4ft fit 0 c©^3»« f»- f ©-PgSfc#-C$r 
W3n-2,AaSSP9©<«#4ftii«©iEfi*^(J-r5. 3 6 
CC. cne.©ISI»!l3n/c<«i4^S0c©iE«£^*4fta 

3 n/ctB©a<H^;{c AMSP 9 ©Mi4ft ft 0 cO^Hffl* 
fUT4CiKJ:i)«S*ffilSjS'<* btoZmiiTZ. 
cntC «t 0 . AJfiSSB 9 ©«!4ftS 0 c©jg^>®g-C©m 
S^f^ffl {?bto<omi. «WBjiSt?©j*H*fffflMi^ 
* h^©fii<!:*K8lJLr#tii-r5C£*s-C*-5. 
[0 1 1 3] ft. MWHKtt. W^2©ASIg|59© 
ffi*4ftS0c£J5RS*fWa^^ h;U<t©«Rira^«r^ 
5WCiSftlL"C. flcSAffffl^i'F ****** 9 fc 
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x. ^mmomnfS.edPhmm^^m^^bJi 
co 1 14] s/c, j^Js^fm^©fiLg«. ^»bTt» 

3 ntfiij s txzmmm i o (ommm&A o m%. 
{ig£f§t;rf£J: 5 (cut 

[0115]$ e-sc. AM 1 jWf^tcffi £ <t **»l*P(c 
(4g<b«^ffil OCD®ftftgA0diO[)P^K:07 

b#) . s i o m&rvm ^srst*-*. gfor. ra* 
e ^ 60 7 . la 8 (DtasiKi^s^ur^j^fm* 

;*dffig|59©tjCI4ftK6>o!p609, 0lO©ffiI«C 

[oi 16] ±^©in<)*j^fm^<D&g*«^L.fc* 

T C irij • ajX, mj • a l z) = I (F 1 x— F 
»9>;L{C, T (F,x. F J z) = T (F,x- 



[0 1 19] CCT\ TffiSSBl 1 ©fi'l>G2©MI@r (a, 

x. a, z)«. H-rfewftsseftiiiSff m^-m. 3 3kj:o* 
«>e>ftsfc©r&£. sfc. riffigpi i<D9tmw&w 
gpi 2K^ffl-r^raipJs^ T (F 1 x, f,z)«. 
«. gross 1 i*wr5»Pf*2(c'5i»rBirgams^«i 

urc^ittc^ ksjs^cf.x. f iZ )«» mfiase 

(2) KJ^^^ftStKJS^Fx. Fz) t?fef). t£«l 
<*2*JjS«lffl!l©llWC*5i#(C« > T CF,x, F lZ ) = T 

co, ore**, ttc. nm^iftvmicis^x. mmw 
2 mats i <DmttfoW}t>cfafr',x&m<Dm#x$>z 

<fcS(ttt. HffliR* T CFiX. F x z)tt. mrlB^(5)<D 

ms^ T (Frx. Frz)-c&o. kw»2 ifimmom»xt> 

mifas (5) ©ERJK2J' (Ffx, Ffz) X$> 

[oi2o]tie^r. &m&2<D®m®i ouzntmr&x 



let • a 2 =Mi -Mi +F,x • t2' • cos0d-F,z- t2' 
+ F,x- t2 • cos0d-F,z 

Mi=M,-Icj-a,+F 1 x-t2' •cosSd-F.z 
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?£#&3 7©teH*XiT l/t. &W<*2©K;Mffl5 1 OS 

onsw© 8 (cfiuB-r * *- ^ > h . c ©*as 

33. 0»sgpftftijie»w^3 4 > mBUrttm&m 
ttm 5 . Rcx)W(*^»w^©2 8 (c j: o -en-en 

;wc«-3«,»rtft>ns. ccoaitt^^^JH*. AMI 

<D&m#mmm>&mmmcm? aatb* @i£a 

l&Klig-fSaitkfrlSsSifcffl^T. BRJ^fffflitcj: *) 

Sfc(CrC&D. :*3dti@B'CK. &»(*2©K;RI®!l 
0. «W«J8JefBl»-S*-y> hjWK*«:#«>&ft 

[ 0 1 1 7 ] 3 0 1 1 *MHt. * 

r. &SP#2©TI!Sg|H lfcWU TBigPl 1 <D3fe^SP 

<Dsmspi 2\cvmthti m&mji) . rospi i© 
Kenan o©«wcmirr*;& (MffiiK^) . Rcrrias 
sp i i©s^G2©^jtjjnjie=&. ^n-en^e^s^c 
ftcfcW^sX^IBKjr-ot:. T (F,x. F lZ ). ^Fjx, 
F,z), '(cux. a,z)<bU KTMSP1 1 ©Sa^m, ii" 
€>o TiSSBl l©S*a©3fejtatbK:raT^ 

a»*^«. *5S(10)ift4. 
[0118] 
x, F,z— FjZ— ok • g) 
— in - ajX, F,z-m, *ajZ— m, • g) 

(10) 

^wipjs* t cf,x. f iZ )w. mft&snmmmnm¥-&L3 

3 {CJ; «) **6nfcTB8Si5 1 1 <Dm>0>G2<DMm&' (a 
x, a 1 z)CDf ; -^i. )5RS*filS*K3 6(Cj:0*«66 
*i-5)*JS^ ( = T (F 1 x, F,z)) O^-^i. TMSBl 

SgOfii*?.. ±12^(10) fc: J: «)#«?> 6ft S. 
[0121] *fc, 01 TJffigPl l©5t 

JggU©Slra5 1 2{Cf^fflf S*-^> h£M t . TMSP 
1 1©KIM®)1 0©gP»(C^ffl^S*-^> b£M,. 
TffigR 1 1 ©M^C2©IhI 0 ©tStt*- ^ > h £l« » . T 
HSU 1 1 <DmfoC2<Dm , <)<Dftffl&.f£%: a, b.-$Z>„ £ 
fc. ^1204^^3^. TIBSC1 l©«-totK?M 
40 ®il 0©4>^i©^©l®ii*t2 t TMSP1 l©S'to<b 

sirgpi 2<i©ra©H3i§t£t2 , (=Ld-t2) i-rst. 
tpsp i i ©S'i>G2©B9 ©aeaiiitcKi-r ^.ato^s 

#5$ (11) 
[0122] 

• sin© d 
t2 • sin0 d 
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t2' 



+ F» x • t2 • cos 0 d~ F s z • t2 



sin0d 
sin^d 
•••• (11) 



(16) 
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[0123]C CT. 5$ ( 1 1 ) *<D*US> ( 1 

*<9 HWi. i£Mfc2teotvciftiaJ*^«i5£#83 6 

fttu#R2 8«:«j;o*«)?>n*TMgpi i©^flst 

£/c. T CF,x. F»z)«. iw&<DS«). ftSfttt 10 

6(c. t (f jX . f iZ )«. wriass (10) tcj;»)*«)?.n 
£ S. tif4- : fc-^>Hc.«TSiSPl 1 

[o 1 24] g£-?T. mmmi ofciwr&*-^>h 

'(F.x, F,z) = , (F I x-m 1 • a,x. 



[0128] CCt. T (F,x F,z)W, 9cKm^ 
(10) K^Jj^/c&WSil 0<DMg5S^-C*4. £ 
fc. '(a^x, a^tt. Mi2jan*ssi5*nas»ttJ*S3 3 

M> = M> -Ici • or, +F,x • tl' • cos0 c- F, z • tl' -sinflc 



*NfB82 003-89083 
30 

*S2 8K:ckSTllBSi51 1 ©ffi&ftKed©? 1 -* <t. 

(Wiass (10) tcj: 0 *a>e.nfcMiSJg^ T (f, x. f, z) 

>m«,. vax (l<o . aic^aottBctz)©**--* t 
*^friasc (11) Kjro^^. 

[0 12 5] Mg5*-,0 h Bt5t#© 3 7 tt, ±f2<DJ: 
^CCGTTiSSIU 1 ©JB3»g&l 0<Z>g|5$NtfPffl-r&*- 

C<D®S<D»#lft&#*;frtt. J&MfiplO©* 

[0 12 6] -T&ft^. *KaJ9©S<&Gl (04 

#M) ©3feiiaisb{cM-rsatt*es;K:s-^<^ ( 1 

2 ) (BUtasS (10) £|3JDJf5<D5$) «C«fc 0 . Ailg|59 
©flSMgp 8 (DgfcfrKfWr £ Wg&iK# T (F, x. F, z)*J5fc 
Bf>6ft<£>. 
[0127] 
F jZ-m, • a,z-m, • g) 

(12) 

-X [0129] 2U>-C. ^J2gB9OM^Gl©lsIO<D0lKa 
«jK:M-rsat!i^g^K:«-5< ^S(13) (iftiasS; 
(11) <bpID^<D^) fc<fc9. AKSB9©I5Mg58© 
gR^-Kl^ffl-r-S^-^ > hM,rt s #s?><E>ft£. 
[0 130] 



[0131] cc-c. M2«, BtfasS ( 1 1 ) tcj: *)#<*> 

^ft/c&Rgiil 0 K T (F,x, F,z)«, M 

IBS; (10) (c 6 ft/d&Mgp 1 0©Mgp£#. 
T <F a x, F 3 z)«. MIES (12) (CfcDJfc&fcft/dlS 
Wgp8<DB5©S;fr. *6*iDto*i?>fc^ISge9 
<DS<kGi©@ 0 <OtI14*- ^ > h . a, »HufBWH*SSI5 
ft}JIiiS»ai#S 3 4 ic J: *) e>ft S^IHgB 9 ©ftJffl 

*s. 0 dammmmmmmm. 2 8 k <t •) e>ft 

■6^:llgP9©M*4ftS-C*S„ til*. fl$Mlp8© 

ttj^^^cisajgos^ci^-foKgt (S4#M) . t 40 

1" «. J^WSiSl 0©^C^6AlBlg|59<D*^Cli-C<D 
SBS (04T«Lc-tl) "C*0. 
5fta?)/cS^Gl«OSg^^f8S|}9<D1f-{X (S3) *>65£ 

[di32] «i^ifcM*i, mm%.nwmm. 1 
c 0 1 3 3 1 ». *wMWv<o&Mti:mmK4mtz> 

*«. #*6tl/c»RIffi 1 0 ^8569158 > KDJf 50 



+ F 3 x • tl • cos0 c- F 3 z • tl • sin0 c 

(13) 



[0134] bu^O/c^^^S 1 6 ©MStc J: 0 * 
OO^fil) ©^Bf^b<D«^-?:a 1 2~~m 1 4«:^-C 

n/cJB5Kg5 1 0 RO'flSHgS 8 <D*-^ > h <DmMB<om 

m^itvm+zmi stc^r^-r^. cc-c, 01 
2RDqii 5«« A^i^fls^taiJ— sser^f L, 
itJi^©^^^ ® 1 3 it Am 1 #pg&*#tf it^fc 

*B£-©Wn> 0 1 4«AP^ 1 ^ o tcW&fr 6 

^±*^fc«^€»^-C*-S.„ C©»^> 012-01 

«w (^^©xfflKtas-rsfc©) ^(sa^-cflfias 

Hg5 1 0 ROT&HSB 8 <D* - * > h 1/ idftMm 

(%mm 1 oR^'isHEisso^-^o h©xfii«:ta^-r 
s*><D) *«<KBSi-cflnasnt:i»s. 

[0 1 3 5 ] 0 1 2~01 44#Ml/tif)Kj;<};5 
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ffiosciw-jr, 01 st.cmztizj:'}^ mm& 

[0136] W±0<fc ^HSfi^SKC <fcn«. BP** 
2&CARa 1 ©^ffOfPBSi ft^fc"), 8U<* 2 ©SKtfCfl 

was s^jawts 8 tcmmotcn&*isy2 2, 23^, 10 

JIHft5tc$SiiO/cy WP-fe>iM 4. 1 9 RO'MIS 
-fe>iU5, 2 0, 2 1 iU5 J: ^fcitlSlft/J^-cefi 

A«c-fe>-9-*ffli>r^)B!^2{c^ffl-r5«Rs^^ &mw 

2 ©BSMffi 8 &t>*J8Klg5 1 0 (cfWT - v > h £ 'J 

<Dmmz. ¥ft6r©^f. ns-e©***^ #?#2©ai 
AraitcSfflbfcJt^^cct-pr^Lfcds. 20 

©*§£«: » . yt-fn-fe> if-^Huf^iSjcDttliie-fe > 
*+*#0WfllO*-^ > h **fe»0«t BWKfftSE 

■r-sjr^tc-rscifeBieg-c**. - saw* - 
©r^f ^ x- #ic;*t-r s$u©$ig<D*ii©sicj; o tea 

[0 138]|fc, Miaj^^.@t?«. Wf*2©jll&tt 

mzmmtztctbic. mm±.Ttium&i2>-*r2 i©&m 

^-*£^-©;t:£ffl(,>/c*^ Rtfcffl7*-£©ftfc>*Hc l 
^^tffff2S»Jjn2SthS'J^lg2 7tCJ:D#J&£>ftSlfi 
*f^«Ufc C fC©K35 3 ©flflilg a . ©ISifcfriaj ( z 

?>fc#>©0„ 

CH2] *»»0!>-*lt^»ccfcw&r^a*tTiP«Mt4 40 

ti. 



^2003-89083 
32 

ms] S2©^g{cii^^ii»iassia©^ ; &3iw 

T £to&©:/n * *0. 

[a 4 ] m 3 oamfe^xofeaicfflt* &Mft u > * 

fftfltdflWJ" <!: rtMMMM Aft <b ©ffilWM<3i£^-r*§l 
0. 

[06 ] afR^mewftAcSAftffljA^^ h^©§a 
dtinfinfta t *&si$©ffiS4Aft t ©»ww«*m"i*«i 
0. 

[07 ] MTO9tt(cfettSfftE&ffffljft'<j' HWWi 
0. 

[08] f^j^±tfQttK*m&j£^fWBi£'<* H 
;U©ii?f*|nI^4KSIg5©fflftftSt©taMB3»%^ 

■rti0. 

[09] Pga±i)l^{C*sW40RS*ftffl^^h^©ji 
?T3frtfJfi£# <t Ae3J©ffl*4ft ft i ©ffiWW«*5Vr* 
0. 

[0io] K«To»s«c*t*aacRaffera£'<* hi>© 
0. 

[011] H3©aJMHlifiB©IWffl*-^>H»3e* 
Bttcistt **8ffl*»Wr 4 fc«>©0. 

[012] #S9I©!gi60JSStC«fc D*»6*i*a»fit*ff 
i*©fl!^©#Bett©g|i|£{t©^*«w-r* f 5 

[013] ^^©HJfiJgJSKlJ: 0^6tifcP§K±0 

«KDaas*©fi3e« ©gWfSEfbofiH 5 -*^-*** ^ 

[014] ^^©HM^fCcfc 0*a66tifcf$^-3i^ 

[015] *«W©fElt»»K:J:0#ae)6*iWKWBR 
O'ftSM®©*-^ > h ©^tt©SI»$ftfb©*?-*Wm 

[«F#©8WJ] 

i -Am ir-^mmmw) . 2-iw*. 3-h». 4 

-MS. 8-JRMBI. 9-:*M, 10 -BE 

mm, 1 i-th». 1 2 -jaii» («3©wa) - o- 
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RG.1(a) FIG. 2 
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FIG. 3 
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[06] 
FIG. 6 
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[07] 
FIG.7 
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[09] 
RG.9 
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[08] 
RG.8 
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FIG.10 
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[012] 



FIG. 12 
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[014] 
RG. 14 
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FIG. 15 
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